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I. INTRODUCTION AND STATEMENT OS’ PROBLEM

The effect of vitamin A in the ration on the vitamin A content

of milk has "been the subject of some controversy. It is agreed

generally that the vitamin A potency of milk Is dependent on the supply

of this factor as furnished by the ration. There is still some question,

however, as to the quantitative ratio between the amount of the vitamin

fed and the amount secreted into the milk, and also as to the maximum

level to which vitamin A in milk can be raised.

Up until the present time no work has been reported on the

vitamin A content of Florida milks; consequently, it seemed desirable

to acquire some data concerning the vitamin A potency of this Florida

food.

Shark liver oil, a Florida product, was shown by the members

of the Nutrition Laboratory of the Florida Agricultural Experiment

Station (95) to be a more potent and economical source of vitamin A

than cod liver oil. As the winter ration of many Florida dairy herds

might be low in vitamin A because of a lack of green forage, the

possibility that shark liver oil might be used to good advantage as a

vitamin A supplement in the dairy industry of this state was considered.

Varying levels of shark liver oil were supplemented to a

standard dairy ration and the effects of tills supplementation on the

vitamin A content of milk were observed. Other factors taken into

consideration were the effect of supplementation on the butter fat and
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ascorbic acid content of the milk, and the effect of a high level

supplement of shark liver oil on the percentage of butter fat in the

milk.
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II. REVIEW OF LITERATURE

A. HISTORICAL REVIEW

The discovery of vitamin A dates hack to the early twentieth

century and centers around the work of four mens E. V. McCollum,

M. Davis, T. B, Osborne, and L. B. Mendel.

°n June 1, 1913 • McCollum and Davis (70) published an article

in the Journal of Biological Chemistry entitled, MThe Necessity of

Certain Lipins in the Diet during Growth." In the same month of the

same year, Osborne and Mendel (84) also tublished an article in the

Journal of Biological Chemistry, the title of which was, "The Relation

of Growth to the Chemical Constituents of the Diet." These two articles

were both concerned with the factor which is today known as vitamin A.

McCollum and Davis (70) reported that "the fact that a rat of

forty to fifty grams in weight can grow normally during three months or

more on such rations (uurlfied rations), then ceases to grow, but

maintains its weight and a well nourished appearance for weeks and then

resumes growth on a ration containing certain natural occurring food-

stuffs, would lead one to the belief that on these mixtures of uurified

food substances the animal runs out of some organic complex which is

indispensable for further growth, but without which maintenance in a

fairly good nutritive state is possible."

Osborne and Mendel (84) stated that "in attempting to ascertain

what constitutes an adequate diet by feeding experiments with isolated

substances, we have found that our rmrely artificial foods—mixtures of
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Isolated proteins, fats, carbohydrates, and inorganic salts sooner or

later fail to maintain mature animals.

"

The limiting factor in both of these early biological experi-

ments was a deficiency of fat-soluble vitamin A,

larly studies on the chemical nature of vitamin A were

reported by Steenbock, Boutwell and Kent (105) in 1918. These investi-

gators stated that aerating butter fat at 100 degrees C for twelve

hours led to complete destruction of its vitamin A content.

Drummond ( 26 ) in 1919 observed that the fat-soluble accessory food

factor A present in certain oils such as butter fat was readily

destroyed by short exposure (one hour) to a temperature of 100 degrees

C. Drummond also noted that vitamin A was not acid or water-soluble

but was soluble in alcohol. Steenbock and Boutwell (104) reported that

ether had little solvent properties for the fat-soluble vitamin as

found in carrots (now known as carotene), while alcohol and benzene

removed considerable amounts of it. The stability of vitamin A was

studied by Cady and Luck (l4) who in 1930 reported that the vitamin A

activity of cod liver oil was destroyed by S0
2 , FCi^, Cl2 ,

HNOj, and

Benedict's alkaline copper reagent. They concluded that the vitamin A

activity was the property of a specific atomic grouping rather than of

a specific molecule, and that the active principle of cod liver oil

possessed aldehyde properties.

This early work on the oxidation and effects of heat and

solvents on vitamin A proved very valuable as a foundation for work

that followed.



5

Steeribock and Gtobs (106) in 1919 linked carotene and

vitamin A when they showed that five percent of clover or alfalfa in a

ration devoid of other sources of vitamin A supplied enough of the fat-

soluble vitamin for normal growth and reproduction. These investigators

theorized that the distribution of the fat-soluble vitamin and the

occurrence of certain yellow plant pigments were closely related. Since

this original work by Steenbock and Gross, it has become a well-known

fact that four plant pigments (carotenoids) possess vitamin A activity

and are known as provitamiis A; they are alpha carotene, beta carotene,

gamma carotene, and cryptoxanthin.

The effect of vitamin A in the diet on the vitamin A potency of

milk was pointed out by McCollum, Simraonds and Pits ( 71 ) who in 1916

concluded that vitamins A and B pass into the milk only as they are

present in the diet of the mother, and that the growth-promoting power

of the milk varied widely due to this variation in diet. Kennedy and

Butcher (60) in 1922 showed that the vitamin A content of cow's milk was

entirely dependent upon the potency of this vitamin in the ration.

Their proof was based on stall feeding of cows on high and low vitamin A

rations and then biologically assaying the milk. They also made

observations on summer and winter milk and found that summer milk

contained a greater vitamin A content.
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CHEMICAL PROPERTIES OP VITAMIN A

In 1930, Karrer, Helfstein and Wettstein (58), as the result

of some brilliant research, established the structural formula of

vitamin A (Cjq Hjg OH) and of beta carotene (C^q H^g) by ozonolysis.

Heilbron, Morton and Webster (48) corroborated Karrer's formula for

vitamin A by forming a 1-6 dimethylnapthalene derivative, thus

establishing the terpenoid structure of the vitamin. Karrer, Morf and

Schopp (59) in 1933 synthesized an hydrogenated vitamin A chemically,

using an eight-step synthesis which proved the structure of vitamin A.

They began with beta-lonone and produced a perhydrovitamin A

(completely hydrogenated vitamin A) identical with the natural

crystalline hydrogenated vitamin from fish liver oils.

Puson and Christ (36) synthesized vitamin A chemioally in

1936. They condensed two molecules of dimethylacrolein with one mole-

cule of beta-cyclocitral and reduced this product to an alcohol. The

vitamin A produced by Puson and Christ gave the characteristic blue

color with antimony trichloride and showed a maximum absorption in the

region of 32S nji. Kuhn and Morris (63) also successfully synthesized

vitamin A, using another method. They condensed beta-ionylidene

acetaldehyde with beta-methyl crotonaldehyde in the presence of

piperidine and then reduced that product to an alcohol in isopropyl

alcohol solution. One-millionth of a gram per day of the synthetic

vitamin A produced by Kuhn and Morris fed to vitamin A-depleted rats

was sufficient for good growth.



Holmes and Corbet (5*0 In 1937 produced a crystalline rltaain A

concentrate by dissolving the non-saponifiable matter of liver oils in a

suitable solvent and fractionating at low temperatures. Later Holmes

and Corbet (55) described the isolation of crystalline vitamin A per se

from fish liver oils by the same technique described above. Blologioal

assays on this crystalline vitamin A indicate that it has a potency of

approximately 3*000*00° International units per gram.

B. METHODS OP DETERMINIHO VITAMIN A

There are in use today three general types of vitamin A deter-

mination; namely* the biological* the colorimetric* and the

spectrographic methods.

!• Hg.feo.flft

Biological methods have been used with success within limits

of this type of technique. The fundamentals underlying the use of rats

In quantitative estimations for vitamin A are varied. Some workers use

the effect of a vitamin A deficiency on growth, others make the

prevention or cure of opthalmia the criterion, and still others make

use of the effect of a vitamin A deficiency on the epithelial cells of

the vagina.

a. Growth

Osborne and Mendel (85) in 1920 used the following

procedure in determining the potency of green vegetables and roots as

sources of the fat-soluble "vitamins. * They stated that "beginning with

rats approximately the same age and sise, we have fed a diet complete
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in respect to each known essential except fat-soluble 'vitamine.' The

basal food consisted of*

Meat residue 19.6#
Osborne and Mendel salt mixture 4.0#
Starch 52.4#
Lard 24.0#

Yeast 0.4 grams daily

Upon the diet outlined, rats soon failed to grow and then

began to decline raoidly in body weight." Osborne and Mendel then fed

the depleted rats varied sources of vitamin A and compared their

weights with weights of rats fed 0.1 gram of butter fat. This method

is very comparable to the U.S.P.XI growth method (110) widely used

today. A summary of the U.S.P.XI assay is found in the Appendix.

An interesting and useful variation of the growth method was

devised by Sherman and Todhunter (102). These workers used standard-

ized rats depleted of their body stores of vitamin A but, instead of

feeding the animals a supplement daily over the usual period of four

or five weeks (the common practice at that time), these investigators

gave their rats a single feeding of the food to be assayed. The growth

curves after this single feeding were charted on a fixed scale.

Sherman and Todhunter reported that, within the limits of experimental

\

error, the increase in the amount of vitamin A or carotene given in

the single feeding was proportional to the increase in growth as

plotted on the scale. The results of this method compare closely with

results of assays carried out over a period of four weeks. This method

has the advantage of taking less time than the U.S.P.XI method which

requires a dally feeding of the supplement for four weeks.
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Coward, Key and Morgan (21) have described the use of a curve

of response for relating the mean increase in weight to the siase of

the dose administered. This curve is of great value in close approxi-

mations in quantitative work.

Nelson, Walker and Jones (SO) suggested the determination of

vitamin A by a uroohylactic or preventive method, They fed single

doses of cod liver oil to rats on a vitamin A deficient diet and found

that growth response and duration of life were proportional to the

dosage of cod liver oil. This technique was used in studying the rate

of loss of vitamin A in a mixed ration and the storage of vitamin A in

the body.

b . Vaginal Smear Method

Ivans and Bishop (2g) used a diet for rats

consisting of "purified'* protein, fat, and carbohydrate to which was

added an appropriate salt mixture and *hat they termed adequate doses

of the growth "vitamines," fat-soluble A and water-soluble B, Many of

the animals in the first generation and almost all in the second

generation fed on such a diet were found to be sterile. A restoration

of fertility could be effected by the administration of fresh green

leaves of lettuce. Kvans and Bishop stated that "as regards A, it is

conceivable that amounts of A adequate for normal growth, freedom from

eye disease and, indeed, vigorous health might still be inadequate for

the reproductive function." These investigators also noted that rats

on a vitamin A deficient diet showed a persistence of cornified cells

in the vaginal epithelium which was cured by administration of adequate

amounts of vitamin A.
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Bauman and Steenbock ( 5) In 1932 made use of the finding of

Evans and Bishop ( 29 ) in their vaginal smear method of vitamin A deter-

mination. These investigators depleted rats of their vitamin A stores

and noted that the first sign of the deficiency was a persistence of

cornified cells in the vagina, the smear being otherwise identical with

that of normal oestrum. If the vitamin A deficiency was extended,

leucocytes and masses of debris continued to appear until death. When

vitamin A was added to the ration, Bauman and Steenbock noted a rapid

response (that is, the cessation of cornified cell appearance in the

smear) , generally within a week. It was observed that the amount of

vitamin A necessary to cause a positive response was definite. The age

or previous history of the animal was not of importance; in fact, these

workers state that "one animal may even be used repeatedly." The main

objection to this method is that it is difficult to use on a puantitar-

tive basis.

c. Xerophthalml c Method

Although this method is not in general use today,

it has been used in a more or less quantitative sense. Concerning

this method. Coward (19) states? "For the cure of ophthalmia, the

number of days taken to effect a cure are areraged, but the condition

of the eyes that may be considered the starting point for the 'curative

period' and the condition when they may be considered cured must be

clearly recognized by the worker concerned."
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d. Dark Adaptation Method

This method has "been used with some success in

detecting degrees of vitamin A deficiency in human beings. The subject

is placed in the dark for ten minutes and then exposed to bright light

for three minutes. During the following ten minutes tests are made on

the rate of adaptation to change in light made by the eyes. This

method is based on the fact that vitamin A is essential to the normal

behavior of the retinal organ of which it is a chemical constituent,

2. Colorinetrlc Method

Carr and Price ( 15 ) in 1926 reported some color reactions

attributed to vitamin A, Using a Lovibond Tintometer, they compared

the color reaction (the intensity of the blue antimony trichloride-

vitamin A complex color) of 30 ^rcent antimony trichloride in chloro-

form on cod liver oils of various potencies. This method, now called

the "Carr-Frice reaction," is used in detecting vitamin A qualitatively

and in a limited way quantitatively. There have been numerous

discrepancies between the Carr-Price method and the biological assays

because of the fact that the blue color described above fades rapidly

and also because other materials beside vitamin A give a blue color

with antimony trichloride.

Norris and Church (82) in 1930 made a study of the antimony

trichloride color reaction for vitamin A with special reference to the

effect of concentration of reagent used and the stability of the

chromogenetic substance to light. These workers noted that, with high

concentrations of oil, the color observed after an interval of



12

30 seconds was dependent upon the light used for measurement of the

color. Horris and Church stated that light of ware lengths less than

500 op., rapidly destroyed the chromogenetic substance of cod liver oil

or vitamin A, while light of wave lengths greater than 500 mp had

practically no effect upon it. Another important observation made by

these investigators was that the presence of oxygen increased the rate

of destruction of vitamin A by light. These facta should be considered

in colorimetric vitamin A determinations.

Brode and Magi11 (13), 1931, made a critical study of the

antimony trichloride test for vitamin A and observed that the antimony

trichloride color solutions had two different absorption bands, one at

578 mfx. and the other at 608 mp. Both bands were found to fade in the

respective solutions and develop new bands at 472 mp. and 532 mp.

3. S-oectrogreephlc Method

Coward, Dyer and Morton (20) in 1932 stated that the intensity

of absorption at 328 np. gave the best measure of the vitamin A value of

cod liver oil. MacWalter (66) in 1934 made a study of some of the

factors which affect the assay of vitamin A by the spectrographic

method. He made special reference to the effect of oxidative change on

o
the absorption at 3280 A when working with liver oils. He emphasised

the need for the use of the non-saponifiable fraotion of the oil in

order to avoid errors arising from previous oxidation.
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4. Comparison of Methods

Drummond and Morton (27) in 1929 made comparisons between the

biological, colorimetric, and spectrographic methods in use at that

time. Their results are shown in Table 1. In the biological determina-

tion, the relative value was deduced from the dose necessary to promote

growth at the approximate rate of 3 grams a week. In the colorimetric

determinations, the photometer readings were in terras of log I
Q
/I;

I
Q being the Intensity of the light incident on the absorption cell and

I that of the emergent light. The absorption reached a maximum after

about one minute and relative values were calculated for the blue color

of the different samples. The poorest oil was taken as unity in

calculating relative potencies. In the spectrophotometric method, the

photographic technique was calculated on the relative Intensity of the

ultra-violet band, using the sample of oil designated as L as unity.

Table 1. Comparison of Biological and Physical Measurements

of the fielative Vitamin A Values of Six Cod Liver Oils

Oil
Biological
Method

Colorimetric
Tintometer

Method
Spectrometer

Ultra-Violet
Band

c 2 2.5 2.65 2.65

F 5 3.3 3.3 3.25
G 2 3.0 3.15 3.25
J 2 1.7 1.7 1.5
I 1.5 1.8 1.77 1.7
L 1.0 1.0 1.0 1.0

Morgan, Edisbury and Morton (77) noted discrepancies between

biological assays and other methods of determining vitamin A. The

variation between determinations was greater than could be explained

by the known errors of biological assays and Physico-chemical measure-

ments
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For a more complete review of the methods of assay for

vitamin A, see Mansell (79) and Coward (19).

5- PffigfaAUttft .p.f YMawta A.MIs

The International Standard of Beference for vitamin A is pare

"beta-carotene conforming to the requirements given for chemical and

physical constants in the U.S.P.XI, 1936. A sample of cod liver oil

carefully assayed in terms of the International Standard under the

supervision of the U. S. Pharmacopeia Vitamin Advisory Committee is

available as a subsidiary standard. The International Unit is defined

as the biological activity of 0.6 micrograms of the International

Standard of Beference. The U.S.P.XI Unit is the same as the Inter-

national Unit.

The Sherman-fensell Unit (U.S.P.X, or A.D.M.A. ) is defined as

that amount of vitamin A which, when fed dally (six times a week), just

suffices to support a rate of gain of three grams per week during an

experinental period of elgit weeks in a standard test animal (rat)

previously depleted of its store of vitamin A.

C. PHYSIOLOGY OF VITAMIH A

It has been known for a number of years that the vitamin A

content of milk, butter, and eggs is dependent upon the vitamin A
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activity of the natural ration eaten by the animal producing these

products. Moore (75) has shown that carotene is changed to vitamin A

in the animal body. Praps and Treichler (35) in 1933 noted that

vitamin A might be stored up in the animal body for future use. These

Investigators observed that, if the animal was fed a ration deficient

in vitamin A, the animal product resulting would gradually decrease in

vitamin A content. This effect of vitamin A in the ration on the

vitamin A potency of the animal product is to be the subject of the

following literature review.

1. Effect of the Ration on Color, Carotene, and Vitamin a of Milk and

Milk Products

Palmer and Eckles (86) as early as 1914 noted that fresh green

grass fed to cows greatly increased the color of the butter fat and

they attributed this to the abundance of carotene in green grass.

Booth, Kon, Dann and Moore (ll) observed that the carotene and vitamin

A content of batter was in direct proportion to the quantity of grass

or of green fodder available in the ration of the cow. The vitamin A

determinations in this work were run on the non-saponifiable residue

of the butter by a colorimetric method, using both the yellow color of

carotene and blue color of the antimony trichloride-vitamin A complex

as the measure of vitamin A activity.

Watson, Bishop, Drummond, Gillam and Heilbron (ll3)» experi-

menting on the relation of the ration fed to dairy cows to the color

and vitamin A content of butter, found that if artificially dried grass

were substituted for 10 to 25 percent of the concentrated foodstuffs
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the depth of color in the hutter fat remained very near the same as

that of a control group on a normal winter ration. A 50 percent dried

ration caused a distinct improvement in the yellow color of the butter.

The use of fodder along with the control ration raised the yellow color

to a high level, the carotene and vitamin A content of the butter being

considerably increased.

Watson, Bnuamond, Heilbron and Morton (ll4 ) reported that the

yellow color of the butter produced from cows fed on a common type of

winter ration fell to a very low level and rose again when the cows were -

turned out to pasture in the spring. These workers attempted to keep up

the yellow color of the butter fat during the winter months by the

inclusion of grass silage in the winter ration, but the results were no

better than the winter control. When artificially-dried grass produced

on meadows receiving nitrogen fertilizers was fed during the winter

months, the yellow color of the butter was kept at a high level. Watson

et al. concluded that the yellow color of butter was very closely

related to its carotene and vitamin A content.

It was shown by Heed (92) of the Bureau of Dairy Industry,

United States Department of Agriculture, that milk of low vitamin A

potency resulted from feeding rations of low vitamin A content to dairy

cows. The butter fat of this vitamin A low milk was nearly white and

the color content only 10 percent of that from cows on a control alfalfa

hay ration. Booth, Kon, Dann and Moore (ll) observed a close relation-

ship between the carotene and vitamin A content of butter and the

quantity of grass or green fodder available in the cow’s ration.
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Converse, Wiseman and Meigs (18) reported that "butter color varied

definitely with the green color and carotene content of the roughage

fed and that the vitamin A content of the milk was roughly proportional

to the changes of color caused hy changes of feed. These investigators

found that "butter from cows on spring and fall pastures was the highest

in carotene content. Hodgson (51) found that the yellow color and

vitamin A content of milk were dependent on the carotene content of the

ration. He suggested that carotene in the form of green pasture,

alfalfa hay, and good quality silage were most effective in raising the

yellow color and vitamin A content of milk to a high level. Gillara,

Heilhron, Morton, Bishop and Drummond (37) observed that the yellow

color of summer milk could be maintained throughout the winter months

by the feeding of artificially dried grass containing high proportions

of carotene, xanthophyll, and vitamin A.

Hathaway, Davis and Braaer (47), in studying the effect of

feeding various types of silages (namely, A.I.V. silage, molasses

silage, and common silage) on the vitamin A content of milk, noted that

the milk produced by cows receiving these silages as the only source of

roughage ranked in the same order of vitamin A potency as did the

silages. They also found that a good grade alfalfa hay contributed

more vitamin A to the milk than did any silage used.

Hilton, Hauge and Wilbur (50) found that the age of the plant

from which hay was made was directly proportional to the vitamin A

activity of the hay. The hay made from younger plants was far superior

to that from older plants as to its vitamin A value. They also
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observed that, when artificially dried hays were fed to cows as the

chief source of vitamin A, the butter produced was higher in vitamin A

potency than the butter produced by cows fed field-cured hays.

Krauss and Monroe (62) observed that the vitamin A potency of

butter fat from cows on a wheat ration was about the same as that from

cows on a corn ration. Biological experiments carried on by these

investigators showed corn silage to be a better carrier of vitamin A

than alfalfa.

2. Season and Vitamin A Activity in Mjlk

Krauss (6l) stated that the chief difference between summer and

winter milks was in the vitamin A content. He showed that, by supple-

menting the winter ration with grass hay and silages, winter milk could

be produced that would comoare favorably with summer milk insofar as

vitamin A was concerned.

Baumann and Steenbock (6), using spectrogranhic methods of

analysis, showed that the carotene in butter ranged from 2.0 micrograms

per gram during April to 2.6 micrograms per gram during July. The

vitamin A values of the butter ranged from 2,0 micrograms per gram in

April butter to 20 micrograms per gram in June butter.

Sutton and Krauss (102) made a study of the vitamin A content

of butter fat from four breeds of dairy cows and observed that

"Ayrshire, Holstein, Jersey, and Guernsey cows during the winter

yielded, respectively, 1.45, 1.95, 2.05, and 3*^5 rag. of carotene per

kilogram; summer values were 4.70, 2.00, 12.10, and 20.50 mg. per kilo-

gram."
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3. Carotene and Vitamin A of Mjlk As Affected .far greed Characteristics

Baomann, Steeribock, Beeson and Bapel ( 7 ) * using the absorption

spectra method, showed that the carotene and vitamin A value of butter

fat varied with the breed of cow. The carotene content was highest in

the Guernsey breed (10,3 micrograms per gram of fat) and lowest in the

Holstein (4.3 micrograms.) They found, however, that the vitamin A

varied inversely, the Guernsey having about 5»1 micrograms of vitamin A

per gram of butter fat and the Holstein about 10.2 micrograms oer gram.

Baumann et al. observed as high as 100 percent differences in vitamin A

production between individuals in the same breed. They noted that

feeding increased amounts of carotene in the form of alfalfa hay caused

an increase in the carotene and vitamin A content of the milk, but this

increase was not in proportion to the alfalfa fed.

Guilbert, Howell and Hart (42) found the minimum vitamin A

requirement of cattle was from 21 to 27 of vitamin A daily per

kilogram of body weight and, when carotene is used as the supplement,

43 to 55 I.U. rser kilogram body weight daily is required. For signifi-

cant storage, they observed the necessity for three times the minimum

vitamin A level and five times the minimum carotene level in the

ration. Guilbert, Howell and Hart stated that "so far as mammals are

concerned, it is obvious that an international unit of carotene and an

international unit of vitamin A have equality only under the conditions

of the biological test."

Ward, Bechdel and Guerrant (ill) showed that the availability

of carotene for calves varies considerably with the source in which it
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is found. The results of their work showed that carotene from several
r

common sources was utilized in the following order t carotene, alfalfa

hay, corn silage, corn meal, timothy hay, and alfalfa molasses silage.

K MYinjL.lliii zat i.Qn .sfJ&tmLnA

An example of the type of technique used "by the early workers

is exemplified by Moore (76) who used the Carr-Price reaction for

vitamin A determination. Moore stated that "when having access to

pasture, the cow may eat up to 10 kilograms of grass daily. If the

grass be taken to contain 10 to 100 milligrams of carotene per kilo-

gram (fresh weight), this intake must represent 0.4 to 4.0 grams of

carotene, equivalent to SO,000 to 800,000 blue units (an arbitrary unit

used in connection with the antimony trichloride-vitamin A blue color

when read in a Lovibond tintometer.)" Moore stated that, as the

average weight of a cow's liver was roughly 5 kilograms and the

vitamin A content of this liver was about JOG blue units per gram, the

total reserve could be calculated at about 1,500,000 blue units. Moore

observed that a cow secreted approximately one kilogram of milk fat per

day which entailed the loss of around 20,000 blue units and 10,000 to

20,000 yellow units (a unit based on carotene color read in a Lovibond

tintometer.)

Meigs and Converse (73) reported that milk from cows on pasture

may contain more than ten times as much vitamin A as does that from

cows on Number 3 timothy hay.

Praps and Treichler (34) found butter fat from the milk of cows

on a ration of cottonseed meal, hulls, sorghum silage, and pasture to
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contain an average of 33 units of vitamin A per gram. Cows on the same

basal ration minus the pasturage produced butter fat containing an

average of four units per gram. Cows on cottonseed meal and hulls

produced butter fat containing an average of two units per gram. These

investigators also concluded that only a small fraction of vitamin A of

the feed appeared in the butter fat.

Fraps, Copeland and Treichler (31) reported that 116,000 rat

units of vitamin A per day fed to a cow in the form of a dairy ration was

not enough to keep the vitamin A content of the butter fat up to normal.

The economy of utilization of vitamin A was as follows: 47 percent for a

cow receiving daily 8,432 units, 21 percent for 60,000 units, and as low

as 10 percent for 116,101 units.

Bussell, Taylor, Chichester and Wilson (97) reported that the

daily intake of 900,000 to 1,200,000 U.S.P.X units of vitamin A by cows

of mixed breeds resulted in the production of milk containing approxi-

mately 2500 units per quart. In another experiment the feeding of

950,000 units produced a milk containing approximately 1600 units per

quart. These investigators observed that the vitamin A in the milk never

exceeded 3.5 percent of the intake In the ration and that the increase in

vitamin A content of the milk was not proportional to the Increase in

consumption of vitamin A.

Shaw, Bechdel, Guerrant and Catcher (100) found a 70 percent de-

crease in vitamin A secretion in seven months from cows fed low carotene

diets. One hundred and fifty thousand units of vitamin A per day were

insufficient to raise the vitamin A content of milk from depleted cows.

r
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Atkeson, Hughes, Kunerth, PeterBon and Kramer (2) reported that

cows fed 3*507 grams of carotene in the form of rye, equivalent to

6,000,000 l.tr, of vitamin A per day, produced butter which contained an

average of 4,700 I.U. per pound as carotene and 8,490 I*U. per pound as

vitamin A. This amounted to a total recovery of 0.24 percent of the

carotene ingested. Atkeson et al. concluded that the ratio of carotene

to vitamin A in the butter becomes rather constant at about 112 in the

case of Holstein and Ayrshire breeds when excessive amounts of carotene

are fed. Praps, Copeland, Treichler and Kemmerer (32) stated that cows

fed low levels of vitamin A in turn produced butter of low vitamin A

content. In cows fed 340,000 Sherman-Mmsell units of vitamin A per

day, they noted a drop in the vitamin A content of the butter from

43 units uer gram to four units per gram. In cows fed 340,000 units of

vitamin A per day, there was a drop from 43 units per gram to 10 units

of vitamin A per gram of butter. Fraps et al_ observed that some cows

were superior to others in their ability to secrete vitamin A and caro-

tene into the butter fat. Hodgson, Knott, Iftirer and Graves (52) fed

dairy cows rations of hay, hay and grass silage, grass silage and

pasture, containing respectively 14.8, 57*0* 197*3* 21,14 260 micrograms

of carotene per gram, and found varying amounts of the ingested carotene

secreted in the butter fat. Of the cows receiving hay, 0.17 percent was

recovered; of those receiving hay and grass silage, 0.22 percent; and of

those receiving grass silage and pasture, 0.12 percent. It was shown by

Wilkinson (119) that the vitamin A value of butter was higher when cows

were on grass pasture than when they were fed by the dry lot method. The
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vitamin A content of the butter used in these investigations ranged from

56.1 per gram to 8.01 I.B. per gram.

Bussell (96) reported that less than five percent of the

vitamin A activity in the amount of dried alfalfa and corn silage

usually fed appears in the milk of dairy cattle. He also observed that

carotene in the ration was converted to vitamin A by the cow and

appeared in the milk as vitamin A. Russell stated that the color of the

milk was due largely to the carotene which tsassed into the milk

unchanged. Weckel (115) noted that the cow was very inefficient in the

transformation of carotene of the ration to vitamin A in the butter

fat, the carry-over being about three percent.

Wilbur, Hilton and Hauge (118) studied the minimum vitamin A

potency of the ration which would produce the maximum vitamin A potency

in the milk fat secreted and observed that 550*000 Sherman-Munsell units

of A daily, fed in the form of carotene, would raise the vitamin A

content of the butter fat to a maximum.

Cave and Atkeson (l6), in studies made on the utilisation of

carotene in green rye by dairy cows when daily intakes were excessive,

showed that, even when large amounts of carotene are fed, the ratio of

carotene to vitamin A in butter still did not exceed approximately 1:2.

5. .Aln.HilJs

Golding (39) reported that the vitamin A content of milk could

be increased ten times over that of a low vitamin A. control ration by

the use of cod liver oil
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McCosh, Maoy, Huntscher, Erickson and Donelson (72 ) noted that

the supplementation of an adequate diet of three women with 15 grama of

cod liver oil daily had no effect on the vitamin A content of their

milk.

Archibald and Parson (l) in 1939 mixed fortified cod liver oil

with the grain mixture fed to dairy cows at the rate of five pounds per

ton. The vitamin A content of the milk from the cows receiving the cod

liver oil ration was compared with that of a control group. Archibald

and Parsons concluded that supplementation with cod liver oil did

increase the vitamin A level in the milk. They observed that "the

apparent efficiency of the cows in transferring the vitamin A of the

supplement and the carotene of the feed to their milk was approximately

26 percent for the group receiving the supplement and approximately

l6 percent for the group receiving the control ration."

6. Bate of Equilibrium between Vitamin A of the Ration and,Vitami5_A

Activity of the Milk

Doan (25) in 1924 made a study of the color of cow*s milk and

its value. He observed that, after the animal was placed on a high

carotene feed, the principle change in color of the milk was completed

within a two weeks* period. Waston, Bishop and Drummond (112) observed

a maximum carotene color after 29 days on a high carotene ration. This

milk was assayed at two-week intervals; therefore, the maximum color

change could have taken place at any time between two and four weeks.

Moore (76) obtained a vitamin A depletion in the milk of dairy cows on

a vitamin A poor diet in 13 days and a repletion in 17 days.



25

Boy, Hilton, Wilbur and Hauge (64), studying the rate of change

in the vitamin A content of milk, noted that, following the change from

a high A to a low A diet, milk fat secreted by the cow declined very

rapidly in carotene and vitamin A value, reaching an equilibrium level

with the ration in about 11 days. After these animals were put back on

a high vitamin ration (carotene), a rapid increase in vitamin A content

was noted. An equilibrium level was reached with the ration in 10 days.

These workers concluded that "the major effect of a change in the diet

upon the vitamin A content of cow's milk can be ascertained by

relatively short feeding trials."

Fraps, Copeland and Treichler (31), 193^* reported that the

effect of feed on the vitamin A activity of butter could not be Judged

by tests of short duration.

7- yita^..Aj^nA<mt,,2f Milk .ga3JiSJ& products

In a review of literature, Sherman and Sherman (101) reported

that, in data collected from published and unpublished work, 53 samples

of whole milk showed a mean of 292 plus or minus 12 I.U. of vitamin A

per 100 grams.

Davis and Hathaway (23) stated that the variation in vitamin A

content of milks from Holstein, Ayrshire, Jersey, and Guernsey cows was

bo small that it could be considered insignificant.

Shaw, Bechdel, Querrant and Butcher (100) found that the milk

from the five major breeds of dairy cows was approximately the same as

to vitamin A potency per gram of butter fat but that the milk varied in
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vitamin A potency per unit volume of milk. They concluded that the

vitamin A potency of milk from various breeds is proportional to the

percent butter fat characteristic to that breed.

Butter . Baumann, Steenbock, Beeson and Hupei ( 7 ) reported that

the carotene content of Holstein butter was the lowest of the dairy

breeds (4,3 micrograms per gram of fat) and the Guernsey highest

(10.3 micrograms per gram of fat), while the vitamin A content was in

1

reverse order, the vitamin A potency of Holstein butter being highest

(10.2 micrograms per gram) and that of Guernsey butter being lowest

(5.1 micrograms per gram.) The other breeds were found, to be inter-

mediate between these values.

Sutton and Krauss (107) stated that both Guernsey and Holstein

butter fats were higher in vitamin A activity than was Ayrshire butter

fat. Wilbur, Hilton and Hauge (117) observed that the vitamin A

activity of the butter fat of all breeds of dairy cows was similar even

though the color of the butter fat varied.

Booth, Kon and Gillam (12) noted no significant difference in

the vitamin A activity of Shorthorn and Guernsey butter when determined

biologically. Weckel (115) observed that the vitamin A activity of

butter from Holstein, Jersey, Guernsey, and Ayrshire cows was about the

same when the animals were fed on the same ration.

Morgan and Pritchard ( 78 ) determined the vitamin A potency of

75 samples of butter and found that the year-round average was

22.5 units per gram. The average summer butter was 27.2 units per gram

while the average winter butter was 15.4 units per gram.
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Sherman and Sherman (lOl) computed the vitamin A value of "butter,

using 86 analyses as the basis of their calculation, and found it

contained a mean of 5060 plus or minus 180 I.U. of vitamin A per

100 grams.

Colostrum . Bann (22) made a study of the vitamin A content of

colostrum and found that it ranged in vitamin A potency from 10 to

100 times that of later milk. Semb, Baumann and Steenbock (98) found

the vitamin A content of butter fat from colostrum to be five to

13 times that of fat from ordinary milks.

Other Mjlks . Markuze (67) reported that elephant milk was lower

in vitamin A than cows’ milk but higher in vitamins B and C.

Bilek (10) noted that the vitamin A requirement for the buffalo

was lower and the conversion of carotene to vitamin A slower than in the

dairy cow. Oodbole and Sadgopal (38) showed that cow butter fat was

higher in vitamin A potency than buffalo butter fat.

Human Milk . Dehaas and Meulemans (24) observed that mother's

milk contained more vitamin A than did cow's milk and that the ratio of

carotene to vitamin A in cow's milk was between U2 and U3.

Chevallier, Girsud and Dinare (17) observed that human milk ranged from

six to 47 micrograms of vitamin A per gram and that the higher values

were found in younger women. These investigators found some correlation

between the fat content and the vitamin A potency of milk.

tfeuweiler (81) stated that in human milk the vitamin A potency

was independent of age and number of pregnancies. He found that the

range of vitamin A in human milk was from 25 to 300 rat units of
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vitamin A per 100 o.c, and the carotene content to he from 0.005 to

0.4 rag. per 100 c.c. of milk. Willstaedt and Torhen (120) showed that

the vitamin A content of human milk was 150 to 600 I.U. per 100 c.c.

while the potency of cow’s milk ranged from 150 to 300 I»U.

Meulemans and deHaas (74) noted that colostrum and late milk of

European women contained about 1.5 times more vitamin A activity than

did milk of native Dutch East Indian and Chinese women, the values being

about 600 and *400 1,0. respectively.

It is obvious from the literature reviewed that the carotene and

vitamin A in milk is dependent upon adequate supplies of these two

factors in the ration and that the ratio of these factors to each other

is dependent more or less on the characteristics of the individual

breed. There seems to be a maximum level to which the vitamin A

activity in the milk can be raised, and the higher the vitamin A value

of the ration the less economically the animal body appears to utilize

this factor in the ration.

D. STABILITY OF VITAMIN A IN MIXED FEEDS

The stability of vitamin A in mixed feeds is one of the criteria

as to the feasibility of supplementing dairy rations with fish liver

oils. Using biological assays, Bethke and Kick (8) showed that alfalfa

hay, when exposed to sun, rain, or dew, lost & large amount of its

vitamin A potency. When the alfalfa was dried, storing (ground or

unground) for as long as one year had no material effect on its

vitamin A content. Smith (103) noted a very close relationship between
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temperature and vitamin A destruction in alfalfa hay. He reported no

destruction of vitamin A during the cold months of November, December,

and January but, with a rise in temperature, destruction of vitamin A

was again stimulated.

It was observed by Record, Bethke and Wilder (91) that there

was considerable loss of carotene from alfalfa leaf meal, and of vitamin

A from cod liver oil incorporated in a grain mixture after six months'

storage in a sack in a heated and lighted room. The destruction, how-

ever, was not complete. Fraps and Kemmerer (33) reported that, when

cod liver oil was incorporated in a feed mixture and stored for as long

as four weeks, almost complete destruction of vitamin A of the oil was

noted. The vitamin A determination of this work were done spectro-

graphically and have since been contradicted by several investigators

(S), (91). Holder and Ford (53) in biological experiments with chickens

observed that, when cod liver oil was mixed with vitamin A-deficient

rations and stored for as long as 60 days at "JO to 80 degrees F. , there

was no detectable loss in vitamin A. The stored feeds were compared

with feeds in which the oil was incorporated at five-day intervals during

the assay.

Bethke, Record and Wilder (9) stored rations supplemented with

cod liver oil and without cod liver oil. These were held for six months

at room temperature in gunny sacks of up to 100 pounds capacity. The

feeds were then assayed for vitamin A, using chickens as experimental

animals. The results showed considerable destruction of vitamin A

activity, but the loss was never greater than 50 percent. It was
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reported by Baird, Ringrose and MacMillan (3) that the vitamin A of cod

liver oil in mixed feeds underwent progressive destruction as the

storage period advanced. At the end of 26 weeks' storage of the feed in

burlap bags at summer temperature, not nearly all of the vitamin A

content had been destroyed. Evers (30), working with the stability of

vitamin A in cod liver oil not mixed in feeds but in the pure state,

observed that, when the oil was properly stored, it would retain a

considerable portion of its vitamin A activity for as long as 26 years.

He reported that sunlight and oxidation were the chief sources of

vitamin A destruction.

Thus it appears that the carotene and vitamin A loss from mixed

feeds is proportional to the temperature at which they are held, and

that holding for short periods does not destroy a great percentage of

the vitamin A activity.

E. THE RATION AND ITS INFLUENCE ON THE VITAMIN C CONTENT OF MILK

Barnes and Hume (4) noted a distinct variation in ascorbic acid

potency of milk which they attributed to differences in seasonal diet.

In a study of the vitamin content of cow's milk, Dutcher, Eckles, Dahle,

Mead and Schaefer (28) reported that the vitamin C content of the milk

was dependent on the vitamin C content of the ration ingested. Hart,

Steenbock and Ellis (46) concluded that the ascorbic acid content of

summer pasture milk was decidedly higher than that of winter milk

(without pasture). Hess, Unger and Supplee (49) reported that milk from

cows on pasture contained considerable vitamin C while milk from cows on

a low vitamin C ration contained -oractically none of this vitamin.
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Olson and Copeland (83) stated that the origin of vitamin C in

cow's milk was the ration, and that good silage might he used to

advantage in maintaining the level of vitamin C in milk. MacLeod (65)

found the ascorbic acid content of milk from cows on pasture to he

higher than that of cows on a grain ration. He concluded that, when

cows were fed green pasture grasses, the high ascorbic acid content of

the pasture was carried over into the milk. Basraussen, Guerrant, Shaw,

Welch and Bechdel (90) stated that the ascorbic acid content of milk

was entirely dependent xipon the ascorbic acid content of the diet after

the first two months of lactation. Hannisdah (44) reported that "even

when stall fed cows were given some green fodder, the ascorbic acid

content of their milk was below that of pasture fed cows'." Basmussen,

Bogard, and Maynard (89) showed that intravenous injections of ascorbic

acid caused a considerable increase in the ascorbic acid content of the

milk. They also noted that, in the case of guinea pigs, the ascorbic

acid content of milk could be increased over 600 percent by adequate

additions of green grass to the ration.

Hughes, Pitch, Cave and Biddell (57) found no relationship

between vitamin C in. the ration and vitamin C in the milk. Biddell,

Whitnah, Hughes and Lienhardt (94) noted that the ration fed to cows

had no effect on the vitamin C content of their milk. Whitnah and

Biddell (ll6) reported that 15 days of heavy rye feeding had no apparent

effect on the vitamin C content of the milk of three dairy cows. Beed-

man (93) stated that cows were not susceptible to vitamin C deficiency.

Holmes, Tripp, Woelffer and Satterfield (56) found that the ascorbic
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acid content of cows' milk was Independent of the ration and period of

lactation, hut did show seasonal variation.

Guthrie (43) fed four cows at levels of up to 400 c.c. of cod

liver oil per cow per day and observed increases in reduced vitamin C

in the milk from the check level when no cod liver oil was fed of

111#, 31.3#. 48.1#, and 38.3#.

It is evident that the literature is not in agreement concerning

the effect of ascorbic acid in the diet on the ascorbic acid content of

cow's milk.

F. THE INFLUENCE OF FEEDING HIGH LEVELS OF FISH OILS ON THE BUTTER FAT

CONTENT OF MILK

Golding and his co-workers (39). (40) , (4l) have reported as high

as 30 percent decrease in butter fat production when cows were fed eight

ounces of cod liver oil daily, the average fall being about 15 percent.

Golding et al. noted that two ounces of cod liver oil fed to cows daily

did not significantly depress the percentage butter fat nor did it raise

the vitamin D content of the butter. These investigators observed that

higher levels of the oil did depress the butter fat as well as raise the

vitamin D potency of the butter. When olive oil or arachis oil were fed

to control cows at the same levels (six to eight ounces daily), no fat

depression was noted. While studying the relation of nutrition to

contagious cattle abortion, Hart, Hadley and Humphrey (45) found that

the animals receiving cod liver oil produced milk that usually tested

below three percent butter fat, while animals receiving a "poor" ration

and no cod liver oil were producing milk that tested above three percent.



33

They concluded that the cod liver oil was causing the butter fat

depression. Peterson (87) stated that five ounces of cod liver oil

added dally to a cow's ration caused a decline in butter fat with no

apparent effect on milk production.

McCay and Maynard (68) found that feeding of high levels of

cod liver oil to dairy cows invariably caused a drop in the milk fat

percentage but that there was no change in the milk yield. The work of

McCay and Maynard indicated that cod liver oil effected the mammary

gland directly rather than through any alteration in the composition of

the blood. The feeding of the non-saponifiable fraction of the oil had

no effect on the butter fat production. In a study of the influence of

other fish oils on percentage butter fat, the above investigators

stated that “the effect of feeding salmon oil and shark liver oil upon

the milk fat was cpiestionable. If these oils have any effect it is

slight compared to cod liver oil."

McCay, Paul and Maynard (69 ) showed that, in each of six cows,

cod liver oil fed at the level of one- third c.c. per kilogram of body

weight daily resulted in a lowering of the percent butter fat of the

milk and an elevation of the iodine number. The feeding of hydrogenated

cod liver oil at the same levels had no effect on the butter fat

secretion nor the iodine number of this fat. McCay, Paul and Maynard

stated that "if a cow is fed one-third c.c. of cod liver oil per kilo-

gram of live weight per day, the decline in the percentage of milk fat

usually begins within the first week and within two to three weeks the
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fat that is secreted into the milk is markedly below the normal for the

Individual and the basal."

The use of high levels of cod liver oil in dairy feeding has

caused the degression of butter fat secretion in all cases reported.

The feeding of other fish liver oils were not reported to give identical

results. In view of the fact that no conclusive work has been reported

on the results of high level feeding of shark liver oil, it was thought

advisable to make a study of this detail.
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III. METHOD OP PHOCKDTJHE

Ten cows, selected from the University of Plorlda dairy herd,

were placed In four groups. The Control group contained four animals

while Croups I, II, and III had two animals each. These cows were

selected on the hasis of uniformity as to their age, period of lacta-

tion, milk production, number of lactation periods, and average butter

fat production as shown in Table 2.
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Table 2. A Pre-Experlmental Comparison of the Cows Which Supplied the
Milk Tested for Vitamin A.

Cow
Ho.

Batlon
Humber Age

Months
Fresh

Lactation
Periods

Average
Daily Milk
Production*

Ave.
Pat*

539 Basal

Trs . Mos

.

7 6

Humber

1/2

Number

6th

Pounds

19

*

509
it 6 7 1 5th 20 6.5

383 N 11 2 2-1/2 9th 15 5.05
481 H

7 5 4-1/2 5th 13 5.4

519 I 6 4 4—1/2 4th 19 5.9
435 Z 9 0 1-1/2 7th 18 5*3

6oi II 4 3 1-1/2 3d 26 6.5

637 II 3 5 1/2 2d 17 —
602 III 4 3 2-1/4 3d 25 6.45
643 III 3 3 1-3/4 2d 16 6.65

•Computed on average of previous month's record.
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The basal ration consisted of the regular dairy herd ration which

comprises a well-balanced grain mixture plus corn silage.

300 lbs. ground snap com (white)
200 H wheat bran Vf> bone meal
200 M brewers grain 1$> marble dust
200 " citrus pulp 1# salt

300 M cottonseed meal

During the winter period, Alyce clover hay was added to the basal

or control ration at the level of eight pounds per head per day. The

Control group received this ration only, whereas Groups I, II, and III

received the basal ration plus 2.5, 5.0, and 10.0 pounds of shark liver

oil per ton of ration respectively. The shark liver oil was incorporated

in the bran of the basal ration which was then mixed with the other

constituents. Fresh batches were made up at 30-day intervals to insure

against loss of vitamin A on standing. All animals received approximately

10 pounds of the grain mixture per cow per day and 20 pounds of corn

silage.

The experimental animals were subjected to three distinct feeding

periods* A pre-period or control period (before the addition of shark

liver oil), a dry lot period with supplementation of the oil, and a third

period om pasture with supplementation. Table 3 gives the various

rations fed to each group and the approximate unitage of vitamin A

Ingested per day in each ration during the winter or dry lot period when

this could be measured.
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Table 3. Rations Fed Dairy Cows during Preperiod, Dry Lot Period, and
Pasture Period with Approximate I.U. of Vitamin A per Cow
per Day during the Dry Lot Period.

Group

Preperiod
(Fall) (No Shark
Liver Oil)

Dry Lot Period
(Winter) (Plus shark
liver oil)

Pasture Period
(Summer) (Plus
Shark Liver Oil)

Basal
Dairy ration
Corn silage
Pasture^-

Approximate I.U.

of Vitamin a3

Dairy ration 0.00
Corn silage 127,008
Alyce clover 6l6,896

7^3.90U

Dairy ration
Com silage
Pasture

^

X

Dairy ration
Com silage
Pasture

Dairy ration
Com silage ) ^
Alyce clover)

'

S.L.O. 40.824

784,728

Dairy ration
Com silage
Pasture
S.L.O.

II
Dairy ration
Com silage
Pasture

Dairy ration
Corn silage ) 743 o04
Alyce clover)
S.L.O. 102.060

845,964

Dairy ration
Corn silage
Pasture
S.L.O.

III
Dairy ration
Corn silage
Pasture

Dairy ration
Com silage

) 743,904
Alyce clover)
S.L.O. 204,120

948,024

Dairy ration
Com silage
Pasture
S.L.O.

1. Late fall and early winter pasture—very poor.

2. Spring pasture of excellent quality,

3. The vitamin A content of the dairy ration, corn silage, and Alyce
clover were determined photometrically while the potency of the

shark liver oil was determined hy the U.S.P. XI biological assay.
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During the preperiod and the pasture period, it was impossible

to calculate the amount of vitamin A received by each animal because

pasture was allowed "ad libitum." Obviously, pasturage would be

extremely difficult to estimate as to vitamin A activity because of

such variables as quantity consumed and potency of pasturage ingested.

The shark liver oil and Alyce clover fed during the experiment

were assayed biologically for vitamin A, using the U.S.P.XI

technique (110). The carotene content of the dairy ration, corn silage,

and Alyce clover was determined by the method of Peterson, Hughes and

Freeman (88).

Milk samples were taken at the end of each period, the U.S.P.XI

technioue (110) being followed in assaying the milk for vitamin A. The

(99)
butterfat and vitamin C content /of the milk of each period was also

determined. Twenty-four hour composite milk samples were collected from

each cow at the end of each period of the experiment and the milk from

cows of the same group was mixed. The milk was then heated to

143 degrees F. for 10 minutes to kill lipase enzymes, homogenized at

43,000 pounds pressure per square inch, placed in half-pint containers,

frozen, and stored at zero degrees F. The milk was kept in this frozen

condition until needed for biological assays, when it was earefhlly

melted and used. One c.c. of milk per rat per day was the level used in

the biological assays. When 0.5 c.c. per animal per day was fed, a

large percentage of the rats died before the end of the four-week assay

period.
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The ascorbic acid content of each milk was determined on fresh

samples, immediately after collection, by the method of Sharpe (99)*

In a later phase of the work, the effect of high levels of

shark liver oil on the percentage butter fat of milk was studied. One

cow was drenched with four ounces of shark liver oil daily while five

additional cows were drenched at a level of six ounces per head per

day. The percentage butter fat of the milk from all the cows was run

by the regulation Babcock method (109) before drenching with shark

liver oil, once a week during the oeriod while the oil was being fed and

then a final determination a week after cessation of the feeding of

shark liver oil.
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IV. EXPERIMENTAL RESULTS

The vitamin A activity of the shark liver oil used throughout

the experiment, as the result of biological assays, showed approxi-

mately 9,000 I.U. per gram or 4,082,400 I.U. per pound. This figure

was obtained by diluting one gram of shark liver oil to 450 c.c. with

Wesson oil, feeding 0.1 c.c. of this mixture daily to rats and

comparing their weight gain to the weight gain made by rats fed 2 I.U.

per day as U.S.P.XI cod liver oil. The group of rats (5 males and

5 females) receiving the shark liver oil gained an average of

54*9 grams in four weeks while the group (5 males and 5 females)

receiving U»S*P.XI cod liver oil (2 I.U. per day) gained 52*6 grams in

the same length of time.

The supplementation of the cows’ rations with shark liver oil

at the levels of 2.5* 5*0, and 10*0 rounds per ton of grain mixture

therefore resulted in an increase in vitamin A ingested of 51*030*

102,060, and 204,120 I.U* per cow per day respectively.

The Alyce clover hay fed during the dry lot period contained

approximately 170 I*U. vitamin A activity per gram as determined by

both colorimetric and biological techniques. In the vitamin A assay

of Alyce clover by the biological method* modifications of the U*S.P.XI

technique were necessary, details of which are found in the appendix,

Page 73 . The carotene content of the corn silage used throughout the

experiment was O.83 raicrograms per gram which, in terms of vitamin A

activity, would be approximately 1.4 I.U, The carotene content of the

grain mixture was so low that it was considered negligible.



42

On the 'basis of the above results, the vitamin A activity

contributed to the ration by the eight pounds of Alyce clover was

equal to 616,896 I.U. and that contributed by the corn silage fed about

127,008 I.U.

The total vitamin A ingested by the four groups—Basal,

Group I, Group II, and Group III—is shown in Table 3 on Page 38.

For the purpose of converting the average weight gain of

groups of rats to actual International Units of vitamin A, a curve of

response has been constructed relating dosage of vitamin A to weight

gain, Figure 1, The doses administered and corresponding wei^xt gains

are tabulated in Table 4.
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Table 4. Biological Assay from Which the Curve of Response Was Computed.

Daily Dose of
Vitamin A

Mean increase in
Weight in 4 Weeks*

I.TJ. gms.

1.4 24.6

1.6 32.3

1.8 41.6

2.0 52.6

*Mean increase in vei^it for 10 rats (5 males and 5 females)
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The average weight gains made by rats fed one o.c. of the milk

per day from the different groups is shown in Table 5» In addition,

the weight gains are converted by means of the curve of response to

International Units per 100 c.c. of milk in this table, showing the

variation in vitamin A activity of the milks throughout the

experimental periods. Figure 2 presents a graphical comparison

between the vitamin A potency of the milks of the various groups.
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Table 5 - Biological Assays of Various Milks.

Vo. of Rats Amount of Average Weight
Cow Croup In Croup Milk Fed Gain for Croup Vitamin A
Supplying (i male and Per Rat of Rats in per 100 c.c.
Milk 4 female) Per Day 4 Weeks Milk

PREPERIOD

e.c. gas. I.U.

Basal 6 1 45.3 184
I 6 1 51.6 199

II 6 1 49.7 195
III 6 1 46.5 187

DRY LOT PERIOD

Basal 6 1 36.

S

166
I 6 1 50.0 195

II 6 1 51 .

8

200
III 6 1 52.16 202

PASTURE PERIOD

Basal 6 1 44.6 183
I 6 1 55.3 215

II 6 1 50.

8

199
III 6 1 51.0 198

HIGH LEVELS OP SHARK LIVER OIL*

Cow No. 601 g 1 45.5 185

*Six ounces per day.
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Table 5-A. The Influence of Vitamin A In the Ration on the Vitamin A in
Milk.

Vitamin A Secretion

Investigator
Vitamin A
Intake Whole Milk Butter Fat

I.U. I.U./100 o.e. I.U. /gm.

Traps, Copeland,
Treichler and
Kemmerer ( 32) 476,000* — Dropped from

60.2 to 14*

Russell, Taylor,
Chichester and
Wilson (97) 1 , 260,000 to

1,680,000*
370* —

Wilkinson (119) Green Pasture
Dry Lot

51.6
8.01

Wilbur, Hilton
and Hauge (118) 770 ,000* — 43.4*

Skipper*

•

743.900 166 33.6

784.700 195 38.6

846,000 200 35.9

948,000 202 32.1

•Signifies International Unite calculated by multiplying Sherman-Mansell

units by 1.4.

••Thesis data.
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An analysis of variance was calculated on the mean weight gains

made by the rats and the data which made up these means. The least

significant difference between mean weight gains in the three periods

ranged from five to 10 grams. The variation in weight gains made by

groups of rats on milk from cows on the Basal ration during the Dry lot

period and Pasture period were found to be significant.

The percentage butter fat of the different milks assayed for

vitamin A is shown in Table 6.
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Table 6« Percentage Batter Fat of the Milk from Individual Cows after
Each Feeding Period,

Cow
Number Group

Butter Fat

Preperiod Dry Lot Period Pasture Period
“T" T ~T~

539 Basal 5.8 4.5 4.1
509 N 5.8 4.9 4.6
383 « 4.7 4.6 5.0
481 tt 5.4 5.2 4.4

519 I 4.8 5.0 4.1
435 I 5.5 4.8 5.6

601 II 6.6 6.1 5.1
637 IX 5.7 4.7 4.9

602 III 6.0 5.8 5-8
643 III 6.3 6.6 5.4
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The ascorbic acid content of the milks ranged from 17.2 to

20.4 mg. per liter for the Control period; 15.0 to 19.8 ag. per liter

for the Dry Lot period; and 17.7 to 25-3 ®g. Per liter for the Spring

Pasture Period. The values for each milk are given in Table 7*
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Table 7 . Ascorbic Acid Content of Composite Milk from Groups after Each
Feeding Period.

Cow
Group

Ascorbic Acid

Preperiod Dry Lot Period Pasture Period

Basal

mg. per L.

17.23

mg. per L.

19.85

mg. per L.

17.71

I 19.97 18.3 20.62

II 20.42 15.0 25.30

III 19.61. 15.0 20.75
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The effect of feeding high levels of shark liver oil on the

percentage hatter fat of milk is presented in Table 8 and Figure 3*

The administration of four to six ounces of shark liver oil daily to

dairy cows was invariably followed by a decrease in percentage butter

fat secretion. The cessation of oil feeding resulted in a quick return

to normal or above-normal percentage butter fat production for each

individual animal.
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fable ®. fhe Effect of Administering High Levels of Shark Liver Oil on

the Percentage Batter Pat of Milk.

Humber
of Cow

Level of Batter Fat
Butter Fat after
Administering Oil

Shark Liver
Oil Fed
Daily

before
Administering
Oil 1

Weeks

2 3 4

Os. * * i * *

601 4 5.1 5.0 5.2 4.7 * 5*4

637 6 4.0 4.75 3.S • 4.7 —
539 6 3.7 2.2 3.1 * 3.5 —
564 6 4.5 3-7 4.3 * 4.7 —

602 6 4.8 4.75 4.7 * 5.9 —
435 6 5.05 4.2 4.1 * 4.65 —

•Indicates cessation of shark liver oil feeding.
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V. DISCUSSION

In this experiment, shark liver oil, Alyce clover, and corn

silage contributed the vitamin A activity to the rations fed during

the winter Dry Lot period. Pasture was provided Had libitum" during

the other two periods—Preperiod and Pasture periods. Prom both

biological and nhotometric analyses, it was estimated that cows in the

four different groups received the following amounts of vitamin A per

cow per day during the Dry Lot period? Basal group, 7^3 »904 ;

Group I, 784,728 I.U. { Group XI, 854,964 I.U. ; and Group III,

948,024 I.U.

It is well to refer at this point to the work of Ward,

Bechdel and Querrant (ill) in which it was found that the availability

of carotene varied considerably with the source from which it was

derived. In this study the vitamin A activity actually contributed to

the animals by the different levels of the various sources of this

vitamin can at best be mere approximations

.

The vitamin A potency of the milks assayed in this experiment

ranged from l66 I.U. per 100 c.c. from cows on Dry Lot receiving no

supplementation to 215 1*5. per 100 c.c. for milk from cows receiving

the low rate of supplementation and an unlimited supply of succulent

spring pasture. The vitamin A content of Florida milk as indicated

by the assay value of the milk from the Basal group during the Pasture

period is approximately 185 I«U. per 100 c.c. or 1955 Per qp&rt.
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Considering the milks in terms of International Units, it can

he noted from Table 5 that a significant drop occurred in the

vitamin A potency of the milk from cows of the Basal group when pasture

was eliminated from their diet during the winter period. An increase

in the vitamin A of the milk for this group during the following

Pasture period shows the effect of good pasture on the vitamin A

activity of milk.

While the cows of the Basal group were receiving the Basal

ration plus some rather mediocre pasture (Preoeriod) , the vitamin A

content of the milk as shown by Figure 2 was about 184 I.U. per

100 c.c. of milk. As soon as the pasturage was eliminated from the

diet (Dry Lot Period) and the cows received but 743*904 1*0* of

vitamin A per cow per day, the vitamin A potency of the milk dropped

to 166 I.U. per 100 c.c. This would seem to indicate that such an

amount was insufficient to keep dairy cows, at relatively high levels

of production, producing milk of maximum vitamin A potency. Wilbur ,

Hilton and Hange (118) observed that 550*000 Sherman-Munsell units or

770,000 I.U. (550,000 x I.U conversion factor) were necessary in the

form of carotene to keen the vitamin A content of butter fat at a

maximum.

There was no significant difference in the vitamin A potency

of the milk from cows fed Ration I (Basal ration supplemented with

2.5 pounds of shark liver oil per ton) during the Preperiod and Dry

Lot period as shown in Table 5 . It seems that approximately

784,728 I.U. of vitamin A per cow per day were sufficient to keep up
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the vitamin A potency of the milk during the Dry Lot Period when the

vitamin A activity of the pasture (present in the Preperiod) was

eliminated from the ration.

The vitamin A potency of the milk from Group XI and III

remained relatively constant throughout the three feeding periods and

in no case were they significantly higher than Group X. This indicated

that increasing vitamin A above the level of the ration of Group I did

not further raise the vitamin A activity of the milk. Evidently a

threshold level for vitamin A secretion exists above which the

vitamin A in the feed does not increase the vitamin A potency of the

milk. This threshold as shown by figures in Table 5 seems to be

approximately 784,728 I.U. of vitamin A per cow per day. Still further

proof of a threshold value for vitamin A is indicated by the results

obtained from biological assays on the milk from cow number £>01,

Table 5* This cow was fed six ounces of shark liver oil per day

(about 1,500,000 I.U.) for four weeks in addition to the vitamin A

obtained from the normal ration and spring pasture. The milk was

collected at the end of the four-week mriod, subjected to the same

treatment as the previous milks, and assayed for vitamin A. The

vitamin A potency of this milk was about 185 I.U. per 100 c.c., well

below several of the other milks from cows receiving one-half the

amount of vitamin A in the ration.
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Prom the data accumulated in this experiment, a finding that

could he utilized to good advantage in Florida is the minimum level of

vitamin A in the ration which will permit maximum vitamin A potency of

the milk. This state does not produce hay in anywhere near adequate

amounts to meet the needs of its dairy Industry. During the winter

months when pasture is not of good quality, Florida dairy cows subsist

on a high concentrate-low carotene ration and as a result probably

produce milk which is considerably lower in vitamin A activity than

the milk produced by the same cows during the spring months when these

cows receive ample green pasturage. It is during these winter months

that some vitamin A supplement such as green feeds or shark liver oil

might be a real benefit in producing milk of high vitamin A content.

Ascorbic Acid . Hie earlier literature almost without exception

reported that the ascorbic acid potency of milk was dependent on the

ascorbic acid content of the ration ingested. It is well known today

that cows are able to synthesize ascorbic acid within their bodies (56).

Several investigators (ll6, 9^) have lately observed that no relation-

ship exists between the ration fed and the ascorbic content of the

milk. Guthrie (43) in 1939 reported that the addition of vitamin A in

the form of cod liver oil greatly increased the ascorbic acid content

of milk. Under none of the conditions of this experiment were there

any indications that the vitamin A activity of the ration influenced

the ascorbic acid content of the milk as reported by Guthrie.
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The ascorbic acid content of the milks from the three feeding

periods in this experiment ranged from 17.2 to 20.4 mg. per liter for

the Preperiod, 15.0 to 19.8 mg. per liter for the Dry Lot period, and

17.7 to 25.3 mg. per liter for the Spring Pasture period. Even

drenching individual cows with six ounces of shark liver oil per day

failed to raise the ascorbic acid content of the milk.

High Levels of Shark Liver Oil . The literature is in accord

on the butter fat depressing effect of feeding high levels of fish

liver oils to cows. Golding (39)* Hart, Hadley and Humphrey (45),

Peterson (87), and McCay and Maynard (68) have found that four to

eight ounces of a fish liver oil per cow per day definitely depressed

the percentage butterfat secreted by that cow. McCay and Maynard (68)

indicated that this depressing effect on butter fat as a result of

feeding shark liver oil was doubtful.

From the results of our work on this phase shown in Table 8

and in Figure 3* it is indicated that shark liver oil fed at a level

of four to six ounces per cow per day tends to depress the percentage

butter fat of the milk. This factor need not in any way discourage

the use of shark liver oil as a vitamin A supplement in dairy rations,

however, because it would never be used at such high levels for that

purpose. At the levels fed during the three periods when vitamin A

was being checked in the milk, at no time was there a depression in

percentage butter fat which oould be attributed to action of the shark

liver oil.
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71 . SUMMARY AND CONCLUSIONS

1. The vitamin A content of milk from cows fed four levels of

vitamin A in the ration during three seasonal experimental periods

was determined biologically. Shark liver oil containing

9.000 I.U. of vitamin A per gram was used as the supplemental

vitamin A source during two feeding periods,

2. The vitamin A potency of the milk used in this experiment ranged

from l660 to 2150 I.U. per liter.

3 . The feeding of approximately 784,700 I.U. of vitamin A per cow per

day resulted in the production of milk of maximum vitamin A

potency.

4. The feeding of vitamin A above 734,000 I.U. did not increase the

vitamin A content of the milk? hence, a threshold for vitamin A

utilisation for cows tinder one set of conditions has been

established.

5. Under none of the conditions of this experiment were there any

Indications that the vitamin A activity of the ration influenced

the ascorbic acid content of the milk.

6. The drenching of cows with shark liver oil at levels of four to

six ounces per cow per day tended to depress the percentage butter

fat in the milk without any decrease in milk production. A quick

return to normal for Individual cows was noted on cessation of

shark liver oil administration.
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7. Shark liver pil can he used to good advantage in Florida during

the winter months when no vitamin A-high feeds are available to

keep the vitamin A potency of winter milk at a maximum.
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APPENDIX



METHOD OF ASSAY FOR VITAMIN A (llQ)

Vitamin A assay, comprising the recording of observations of

groups of rats throughout specified periods of their lives, while

being maintained on specific dietary regimens, and the interpretation

of such data, is as follows:

PRELIMINARY PERIOD. Throughout the preliminary period, each

rat shall be raised under the immediate supervision of, or according

to directions specified by, the assayer. Throughout the preliminary

period, the rats shall be maintained on a dietary regimen which shall

provide for normal development in all respects except that the supply

of vitamin A, or precursors of vitamin A, shall be limited to such a

degree that rats weighing between 4o and 50 Gms. and not exceeding

28 days of age and subsisting on a suitable vitamin A-deficient ration

and water for an interval not exceeding 45 days shall manifest

symptoms characteristic of vitamin A deficiency.

DEPLETION PERIOD. A rat shall be suitable for the depletion

period when the age of the rat does not exceed 28 days and if the body

weight of the rat shall exceed 39 Oms • and does not exceed 50 Oms.,

and if the animal manifests no evidence of injury, or disease, or

anatomical abnormality which might hinder growth and development.

Throughout the depletion period, each rat shall be provided with the

vitamin A test diet and distilled water ad lib. and during this period

no other dietary supplement shall be available for the animal.

ASSEMBLING RATS INTO GROUPS FOR THE ASSAY PERIOD. Rats which

are suitable for the assay period shall be assembled into groups. For

each assay oil, there shall be one or more assay groups. In the assay

of one assay oil, there shall be provided at least one control group

and at least one reference group, but one control group and one

reference grout} may be used for the concurrent assay of more than one

assay oil. The interval of assembling rats into groups shall not

exceed 6o days. On any one day during the interval of assembling rats

into groups, the total number of rats that shall have been assigned to

make up any other group . When the assembling of all groups shall have

been completed, the total number of rats of one sex in each group

shall be the same. Not more than three rats from one litter shall be

assigned to one group. When the assembling of all groups shall have

been completed, the average weight of the rats in any one group on the

day beginning the assay r»riod shall not exceed by more than 10 gms.

the average weight of the rats in any other group on the day beginning

the assay period.

ASSAY PERIOD. A rat shall be suitable for the assay period

providing that the depletion period shall have exceeded 24 days and

shall not have exceeded 45 days, and provided that a rat shall manifest
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evidence of vitamin A deficiency characterized hy declining weight

and/or ophthalmia. Throughout the assay period each rat of the control

,

reference, and assay groups shall he kept in an individual cage and

shall he provided with the vitamin A test diet and distilled water, ad

libitum. Throughout the assay period each rat in any one reference

group shall he fed daily a dose of the reference oil. The reference

oil and/or the assay oil may he diluted before feeding with an edible

vegetable oil free from vitamin A. Diluted oil shall he stored in the

dark at a temperature not exceeding 50 degrees F. The oeriod of

storage shall not exceed seven days, Not more than 0.1 cc. of the

diluted oil shall he fed as a daily dose. During the assay -period all

conditions of environment shall he maintained as uniformly as possible

with respect to the assay, reference, and control groups.

HECGHDING- OF DATA. On the day beginning the depletion oeriod

and at intervals of not more than seven days for the first 21 days of

that oeriod, there shall he record made of the body weight of each rat.

From the twenty-first day of depletion period until the end of the

assay period, a record shall he made of the body weight and eye condi-

tion of each rat at intervals not exceeding five days. The eye

condition of each rat shall he designated as normal, watery, sensitive

to light, swollen, bloody exudate, purulent, opacity of comes, or any

combination of these terms. A record shall be made of the failure of

a rat to consume the prescribed daily dose of reference or assay oil.

VITAMIN A POTENCY OF THE ASSAY OIL. In determining the

vitamin A potency of the assay oil, the performance of the rats of the

assay and reference groups shall be calculated for each group on the

basis of the difference between the average weight of the surviving

rats and the average wei :ht of the same rats on the day beginning the

assay period. The data from the reference group shall be considered

valid for establishing the vitamin A potency of the assay oil only

when two-thirds or more of the total number of animals comprising a

reference grout) shall have made individually between the beginning day

of the assay period and the twenty-eighth day thereafter an increase in

body weight which shall equal or exceed 12 gms. and shall not exceed

60 gms . , and the data from an assay or reference grout) shall be

considered valid for establishing the vitamin A potency of the assay

oil only when two-thirds or more, but not less than six, of the rats

of an assay or reference 'roup have survived 28 days of the assay

period. The data from an assay group shall be considered valid for

establishing that an assay oil conforms with the n.S.P. standard for

vitamin A in cod liver oil only when two-thirds or more, but not less

than six rats, shall have made individually between the beginning day

of the assay period and the twenty-eighth day thereafter an increase

in body weight which shall equal or exceed 12 gms. The data from a

rat shall be considered valid for establishing the average performance

of a reference or assay group only on the condition that the rat has

consumed the prescribed dose of oil for at least 22 days of the assay
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period. A vitamin A assay shall not he considered valid unless two-
thirds or more of the total number of animals comprising the control
group shall, prior to the eleventh day of the assay period, manifest
symptoms of vitamin A deficiency characterized by both declining
weight and opthalmla.

VITAMIN A POTENCY OP THE ASSAY OIL IS THEN CALCULATED ACCORDING
TO THE FOLLOWING PROCEDURE:

Let *R* equal the daily dose in milligrams of the reference oil
necessary to produce in a reference group an average gain in weight,
"GB of not less than 12 gms. and not more than 60 gms.

Let "A* equal the daily dose in milligrams of the assay oil
that will produce in an assay group an average gain in weight equal to

or greater than "G".

R
If the product of — x (units per gram of vitamin A contained in

the reference oil) is equal to or greater than 600, then the assay oil
contains 600 or more units of vitamin A per gram of oil and complies
with the U.S.P, requirement for vitamin potency.

The term "Vitamin A Test Diet" means a food material consisting
of the following proportion of the named ingredients of the quality
specified:

VITAMIN A TEST DIET

Casein 18$
Salt mixture 4$
Yeast, dried 8$
Starch 65$
Vegetable oil 5$
Vitamin D, a sufficient amount

Not less than 3 u * s » p . units of vitamin D shall be provided in
each gram of diet and this vitamin shall be carried by the yeast or the

vegetable oil. The ingredients of the vitamin A test diet shall be
free from vitamin A or shall have been treated so as to reduce the

vitamin A content to such a degree that, when the vitamin A test diet
is fed to the control group, two- thirds or more of the rats shall
manifest, prior to the eleventh day of the assay period, symptoms of

vitamin A deficiency characterized by both declining weight and
ophthalmia. The dried yeast shall carry the vitamin B complex in such

concentration that a daily dose of .15 gms. shall permit an average
gain in wei^xt of at least three gms. per week in rats during an
interval of four weeks between the twenty-fifth and sixtieth day of
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age, when the rats are provided ad libitum with a ration which is

adequate for optimal growth, except that the ration shall be devoid of
the vitamin B complex.

A modification of the Osborne and Mendel salt mixture.
Hawk, P.B. and Oser, B.L. Science 74, 369, 1931*

Ca citrate • 4H20

Ca(H£>PO}|) £ . 2H20

K2HP04
KCl
NaCl
CaCOj

MgCO
^

MgS04 (anhydrous)

154.83

56.62

109.86

62.64
38.70
34.45

16.71

19.25

Fe citrate • l|:H20 94.18)

NaF 3.68)
MnSOi* 1.17)

K2A1
2
(S0

4 )4 . 24H
20 67)

K1 30)

6.90

MODIFICATION OF U.S.P.XI METHOD USED FOR ASSAYING
ALICE CLOVER

The carotene value of Alyce clover as determined by the photo-
metric colorimeter was equal to 170 I.U. per gram. On this basis, it

would take O.329 grams of Alyce clover to furnish 2 I.U, per rat for
28 days. One-cruarter of this amount (0.082) was added to the vitamin
A-free feed at four intervals, making a total of 2 I.U. per rat per
day received. The weight gains of this group of rats was compared
with the wei^it gains made by rats fed 2 I.U. of vitamin A as
U.S.P.XI cod liver oil.

BUTTER FAT DETERMINATION

The test is based uoon the fact that sulphuric acid
(concentrated) will dissolve all proteins in milk or cream, thus
enabling the fat to separate when whirled rapidly in a centrifuge.
The specific gravity of the acid should be between 1.82 and I.83.
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CHEMISTRY - METHODS

Bapid Method for the Quantitative Determination of Reduced Ascorbic
Acid in Milk. P.F. Sharpe. Jour. Dairy Sci. 21; S5-89. 1938.

ir6...Pj.chlorsphenoIlndopheno1 Solution . Place 0.3 gram first
commercial preparations or 0.2 gram or less of later, more highly
minified products of 2—6 dichlorophenolindophenol in a mortar. Grind
to break up lumps and add 50 ml. of hot, distilled water. Grind
further and decant through a filter into a one-liter volumetric flask.
Add more hot water to the residue remaining in the mortar, and again
decant onto the filter. Continue this process until the blue colored
material has passed through the filter. Adjust to room temperature,
and make up to the volume of one liter with distilled water.

A sulfuric acid solution of approximately 1/10 normal is used
for acidifying and diluting the milk for titration. A stock solution
of 10 normal is first prepared by diluting 285 «1. of concentrated
sulfuric acid to one liter with distilled water. For use, 10 ml. of
the stock solution is diluted with distilled water to make a volume
of one liter. Approximately 25 ml. of this dilute solution is added
to exactly 10 ml. of milk.

jjtftpaara^atjon of the Dye Solution . Weigh accurately
approximately 50 mg. of ascorbic acid. Place in a 500 ml. volumetric
flask and make up to volume with distilled water. This solution
should be used at once for standardising the dye solution. Introduce
5 ml. of the standard ascorbic acid solution into a 200 ml. beaker.
Add approximately 15 ml. the dilute sulfuric acid solution and
15 ml. of distilled water, and at once titrate with the dye solution
to a light pink color, permanent for at least 30 seconds. Subtract
from this titration value a blank determination made on the acid-water
mixture brought to the same color. A blank of approximately 0.3 ml.
is usually obtained. The amount of ascorbic acid in the 5 ml.
aliquot, divided by the number of ml. of dye solution required, gives
the mg. of ascorbic acid corresponding to 1 ml. of the dye solution.
This value times 100 gives, in terms of mg. per liter, the amount of
ascorbic acid corresponding to each ml. of dye solution required for
the titration, when a 10 ml. sample of milk is taken for titration.
The original amount of dye taken should be so adjusted or the solution
so diluted that this factor falls in the limits of 5 to 8.

Titration of the Milk. Pipette 10 ml. of milk into a 200 ml.
beaker. Add 25 ml. of the dilute sulfhric acid solution and at once
titrate with the dye solution, using a 10 ml. burette calibrated in
0.05 ml. divisions. In titrating the milk, it will be found that
after a small amount of the dye is added the milk will assume a pink
color. Upon standing for a few seconds, this pink color will fade.
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More dye can then he added. This procedure is continued until a
definite pink color remains for at least 30 seconds. This is taken
as the end-point of the titration. After this end-point has heen
reached, the pink color will remain for several minutes. A blank,
which is usually about 0.4 ml., should be subtracted. This blank is
determined by allowing milk to stand until the ascorbic acid
disappears when a constant low value is reached. This blank may be
determined by allowing cold milk to stand for several days before it
is titrated. The disappearance of the ascorbic acid in the milk can
be accelerated by adding enough copper sulfate toraske about a rag. per
liter Cu, or by placing the milk in suriLight.

Since in the early stages the titration is slow because of
the fading end-point, it is very convenient to have 6 burettes and
titrate 6 samples at once. In this way the dye can be added to the
samples in rotation, while waiting for fading of the color.

Calculate results to the basis of rag. of ascorbic acid per
liter of milk.

Precautions . The dye solution is not stable and, on the
average, will decrease about 1 per cent in strength per day. It
should therefore be re-standardised at 2- to 4-day intervals, and
its strength interpolated to daily values.

Dye solutions over two weeks old do not give sharp end-points
and therefore should not be used.

The ascorbic acid solution is not stable under ordinary
conditions. It should be used within one to five minutes after
preparation.

The addition of acid to the milk accelerates the destruction
of the ascorbic acid. The milk should therefore be titrated as soon
as the acid is added.

The exposure of the milk to light should be reduced to the
minimum required for measuring and titrating the samples.
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